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The project titled above has progressed according to the schedule outlined in theorigind proposd. In
fact, some of the tasks scheduled for the second year of the project have aready been started. It is hoped
that the tasks scheduled for year 2 will be completed in time, and we may even be ableto start afew of the

tasksfor year three before the end of the second year.

A amulator with sgnificantly enhanced modeling and smulation cgpabilities has been devel oped to
andyze flashing and flashing-induced-ingabilities. Specificdly, the following tasks have been completed.

Sarting from single and two- phase flow equationsfor the heated core and the riser section, amode
has been developed that dlows an arbitrary number of nodes in both the heated section (dlowing axidly
varying heat flux) and in the un-heated riser section. The ssturation enthapy in thismodd is afunction of
pressure.  Pressure dependent enthapy leads to a modified energy equation, and introduces a new
dimengonless quantity, flashing number, which isequd to zero when the saturation entha py istekentobea
conglant. Thedatafor water showsthat aquadratic polynomia can very wel capture the dependenceover a
widerange of pressures of interest. Both, linear and quadratic dependence of saturation enthal py on pressure
are being used.

A Gderkin-type approach isemployed to reducethe partid differentid equations—that ariseduring
the modeling sage—to adynamica system form (aset of nonlinear ODES). In this approach, after dividing
the entire physca domain into physcaly meaningful subdomains, trid functions with time-dependent
coefficientsareintroduced to describe the spatial dependence of the dependent variablesin each subdomain.
These trial functions are subgtituted in the rdlevant PDES, which are then integrated over the respective
subdomains, leading to a set of ODEsfor the (time-dependent) coefficients.

1



Themode equations and the reduced form aretoo lengthy to beincluded inthis progressreport. The

final set of nonlinear ODEsarewritten symbolically as A X(t) _ E(X:g) whereX(t) isthevector of dl the
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phase variables, and g is the vector of al the parameters. Important parameters in the vector g are the
operating parameters such as inlet subcooling controlled via carry-under and bleed temperature, system
pressure; geometric parameters such as core height, riser height; and modeling parameters such as number of
nodes, order of the assumed spatia profiles, etc.

The set of equations thus obtained is coded in the MATLAB environment. Thisalows an efficient
capability to andyze the modd. Specificdly, the modd devel oped has being used to perform thefollowing:
1 Steady- state (fixed point) caculaions[by setting E(XJQ )=0: wheretilde denotesasteady-state

vaue]. Thisrequiresthe solution of a set of nonlinear dgebraic (transcendental) equations.
2. Frequency domain (linear) calculationsusing classicd sability andyss. Thisreguirestheevauation of
the eigenvalues of the Jacobian matrix, JE. This step isaso carried out usng MATLAB.

This MATLAB environment hence provides an efficient approach to perform severa stepsin the
comprehengve andysis of the flashing related ingtabilities, which would otherwise require a separate user
developed codefor each step. Preliminary smulations using themodel show thet it can cgpturethelocation of
flashing in the experiments conducted on the Dodewaard reactor very well.

The st of reduced equationsfor moda neutronicsfor thein-phase and out-of- phase ostlllationshave
aready been developed. The coupling between neutronics and thermal hydraulicswill be carried out during
the second stage of the project.

Aspart of theinternationa collaboration of thisproject, experimentsare being conducted at CIRCUS
fadlity of the KramersLaboratoriumvoor Fysische Technologie at theDelft University of Technology
(DUT) in the Netherlands (at no cost to DOE). Experiments are being performed covering awide range of
hesat flux, flow rates and subcooling. Comparison of the experimenta datawith the prediction of themodd will



be carried out during the second and third phases of the project.

Along with the proposed collaboration with Deft Universty of The Netherlands in the area of
experimentd work on flashing rdaed ingabilities a the facilities in Déft, collaboration has dso been
developed with Professor Dieter Hennig of PSI (Switzerland). A student of Professor Hennig (a Ph.D.
candidate at PSl) iscurrently visting UIUCand carrying out research on extending themode for two- phase
nuclear coupled dengty wave oscillations to dlow drift flux mode to smulate two-phaseflow and using the
lambda- modefor neutronics anadyss (as opposed to omegamode used earlier by Karve). Whileat UIUChe
will aso carry out gtability and bifurcation anayses of the extended BWR modd.

Tasks completed and results obtained thus far were presented a the ANS Annua Meeting in
Milwaukee, WI, in June 2001.



